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In a  study of the action of bacteria in soil  it is frequently desira- 
ble  to  determine  the  relation  that  exists  between the microorgan- 
isms  and  higher plants.  The  procedure is  comparatively  simple  if 
small  plants  or  seedlings  are  used.  For  this  purpose  test-tubes, 
especially the large Pyrex tribes  described by Knudson,  1 give excel- 
lent results.  Where it is necessary to grow large plants and to carry 
these to maturity, the procedure is not so simple.  On account of the 
size of the apparatus and the length of time required for the develop- 
ment of large, plants,  it is difficult to prevent contamination.  Some 
of the points which deserve special care are:  (1)  sterilization of the 
apparatus, of the medium, and of the seed; (2) planting of the bacteria- 
free  seed  or  seedling;  (3)  adding  the  sterilized  water  required  for 
plant growth. 
The nature of the medium used for the plants determines the time 
of  sterilization.  If  a  synthetic medium,  liquid  or  solid,  is  used  it 
rarely requires a  long period for sterilization.  Soil,  however, is  ex- 
tremely difficult to sterilize and in order to kill all the bacterial spores 
that may be present it is necessary to heat it for a 'tong  time and at  a 
high temperature. 
The destruction of bacteria on the seed-coats is in the majority of 
cases  readily  effected by  means  of mercuric  chloride  solution  in  a 
partial  vacuum.  Although  a  great  number  of methods  have  been 
recommended for  the sterilization of seed, I  have uniformly secured 
* Published with the permission of the Director of the Wisconsin Agricultural 
Experiment Station. 
1  Knudson, L., Cornell Univ. Agrlc. Exp. Station,  Mere. 9, 1916, 17. 
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the best results from the use of mercuric chloride.  After the vacuum 
apparatus  is  once  assembled,  the  method  is  easy to manipulate  and 
gives a high percentage of viable seeds free of bacteria.  The original 
design of this apparatus  as given by Hutchinson and Miller  2 has been 
modified.  Fig.  1 shows the apparatus  ready for use.  Heavy walled 
bottles  (1  pint milk)  and heavy steam-proof rubber tubing  are  very 
convenient. 
The  preparation  of  the  apparatus  for  seed sterilization  is a simple 
matter.  Bottle  A  serves  to  prevent  air  contamination.  The  large 
tube  which  enters  A  is  packed  with  non-absorbent  cotton  and  the 
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FIo.  1.  An apparatus  for the sterilization  of seeds. 
exit tube of D  with glass-wool; in the latter the plug prevents the seed 
from escaping into E.  The distilled water and the 0.25 per cent mer- 
curic  chloride  solution  are  warmed.  When  the  solutions  are  about 
70-80°C.,  the  mercuric  chloride  is  poured into  B,  the  water  into  C. 
The warm solutions prevent the bottles from cracking when sterilized. 
All  rubber  stoppers  are  then  fitted  tightly  into  the  bottles  and  the 
clamps,  except 3,  are  closed. 
The  entire  apparatus  is  sterilized  in  the  autoclave for 30 minutes 
at  15  pounds pressure.  When  cooled to 40°C.  the  exit tube of E  is 
2 Hutchinson, H. B., and Miller, N. H. J., J. Agric. So., 1908, iii, 185. E.  B.  FRED  625 
connected to a  water pump,  preferably with a  suction flask between 
E  and  the  pump. 
The seeds are placed in D  and the suction pump is started.  Clamp 
1  is  opened  and  the  mercuric  chloride  allowed  to  run  into  D  until 
there  is  enough  of the  solution  to  cover the  seeds,  then  Clamp  1 is 
closed.  The reduced pressure removes the air bubbles from the seed- 
coats  and  thus  permits  the  mercuric  chloride  solution  to  come  in 
closer  contact with  the  surface  of  the  seed.  The  time  required  to 
destroy  the  bacteria,  as  well  as  spores, depends upon many factors: 
nature  of seed-coat, kind  of bacteria,  etc.  Field  peas  sterilized  for 
3  minutes  in  a  0.25  per  cent  mercuric  chloride  solution  were  found 
to be entirely  free  of bacteria.  Smaller  seeds,  as clover and  alfalfa, 
require only from  1 to 2 minutes to be sterilized. 
To remove the mercuric chloride,  the bottle containing  the seeds is 
inverted.  When  the  liquid  is  removed,  bottle  D  is  returned  to  its 
original  position and water from  C  allowed to run  in until  the seeds 
are  covered.  The  seeds  are  then  washed  several  times  with  the 
sterilized water from C to remove the mercuric chloride.  The amount 
of water used should  be regulated  so that  C  will be empty after the 
final washing.  When the water is removed from D, clamp 3 is closed 
and  clamp  2  is  opened  slowly in  order  to  restore  atmospheric  pres- 
sure in D.  Bottle D  is removed and the seeds are transferred directly 
to a  sterile Petri dish. 
The importance of growing plants in the absence of bacteria is well 
recognized and many different types of apparatus have been designed 
for this purpose. 
In 1898 Lauck  3 described a method for the growth of plants without 
bacteria,  but  unfortunately  the  apparatus  he  used  is  very  compli- 
cated,  expensive, and difficult to handle.  It is recommended for the 
growth  of large  sized plants.  Schulze  4 in  1901  devised  a  vessel  for 
growing  large  plants  free  of  bacteria  which  has  many advantages. 
The  methods  described  by  Petri  5  and  by  Schmidt  G were  designed 
especially for young  seedlings  and,  therefore, are not included in this 
3 Lauck, H., Centr. Bakteriol., 2re Abt., 1898, iv, 706. 
4 Schulze, C., Landw. Jahrb., 1901, xxx, 327. 
5 Petri, L., Centr. Bakteriol., 2te Abt., 1909, xxiv, 146. 
6 Schmidt, E. W., Centr. Bakteriol., 2re Abt., 1910, xxv, 426. 626  GROWTH  OF  HIGHER.  PLANTS 
brief discussion.  Von Beke  7 in 1912 described a vessel for cultivating 
plants free from microorganisms.  In common with many others, his 
method  is  also  complicated.  The  same  criticism  may  be  offered 
in regard to the apparatus used by Russell and Hutchinson  8 and by 
Schulow.  9  The design by Schulow is most ingenious and offers many 
advantages. 
A  modification of  the  Russell  and  Hutchinson and  the  Schulow 
apparatus  has  been  used  and  found to  be  fairly satisfactory.  The 
great objection to it is the difficulty of sterilization.  The apparatus 
described in this article is a  modification of the one given by Keller- 
man  ~°  and has  the  advantage of being simple  and easy to  sterilize. 
All that is required is a metal pot, a large Pyrex glass cylinder, and a 
large beaker.  No stoppers or connecting tubes are used. 
The metal pot or can of galvanized iron is made with a neck on the 
side and a  shoulder at the  top  to  support the glass  cylinder.  This 
neck  serves  as  an  opening  through  which  to  plant,  to  water,  and 
also  to  aerate.  The  size  of  the  pot  is  determined by  the  kind  of 
plant to be grown.  The  vessel  used had the  following  dimensions: 
18.5  cm.  tall,  measured  outside,  and  20  cm.  tall  if  shoulder  is  in- 
cluded, 11  cm. in diameter at the base and 9  cm. in diameter atthe 
top,  due to the shoulder.  This shoulder is  about 2.5  cm.  high out- 
side  and  4  cm.  inside.  The  pot  holds  about  1,700 gm.  of  air-dry 
soil.  At  the  bottom  of  the  shoulder  on  the  pot  there  are  two  or 
three small holes which serve to carry off any water which may con- 
dense and run down the sides of the glass cylinder.  The neck on the 
side of the pot is just below the shoulder and is  about 2  cm. in di- 
ameter  and  about  2.5  cm.  long.  The  Pyrex  cylinder is  about  9.5 
cm.  in  diameter  and  about  46  cm.  long.  The  cover  consists  of  a 
beaker of about  11.5 to  12  cm.  in diameter.  These three parts  con- 
stitute the entire apparatus and involve a  cost of about three dollars. 
The  apparatus  is  simple,  easy  to  sterilize,  and  can  be  handled 
without  special  care.  If  soil  is  used  it  is  sterilized  several  times 
in  the  metal  pot.  At  the  final  sterilization  of  the  soil,  the  glass 
7 von Beke, L., Centr.  Bakteriol., 2re Abt.,  1912, xxxiii, 442. 
a Russell', E. J., and Hutchinson, H. B., J. Agric. Sc., 1909, ill, 111. 
0  Schulow, I., Ber. bo!. Ges.,  1911, xxix, 504. 
10 KeUerman, K. F.,  U. S. Dept. Agric., Bureau Plant Industry, Bull.  120, 1914. E.  B.  FRED  627 
C 
_..> 
~-~'"  ~i~ 
-.  _o .......  2--'' 
S  TM  ,  -~ 
A 
B 
FIo.  2.  The  parts  of  the  apparatus  for  growing  plants  under  sterile  con- 
ditions.  A,  metal pot; B,  Pyrex cylinder; C,  beaker. 628  GI~OWTtI  OF  HIGttER  PLANTS 
FIG.  3,  Showing field peas in sterilized soil.  About a  1 natural size. E.  B.  rp,~D  629 
beaker and cylinder are included.  The neck is plugged with cotton 
and the top of the pot is covered with several layers of cotton.  One 
end of the glass cylinder is protected in the same way while the other 
end is  covered with  a  glass  beaker.  It  is  well  to  have  a  layer  of 
non-absorbent  cotton  between  the  beaker  and  the  glass  cylinder. 
After sterilization, the cotton covers are removed and one end of the 
cylinder is  fitted to  the shoulder at  the top of the pot.  By means 
of large sterilized pipettes,  it is easy to add water through the neck 
into the pot.  The different parts of the apparatus are shown in Fig. 2. 
In order to give better aeration, the beaker may be  raised from the 
top  of the  cylinder, as  shown in  Fig.  3,  and wire supports  used to 
hold the beaker in place.  This apparatus is easy to handle and may 
be sterilized repeatedly without cracking. 
Several tests have been made of this apparatus  under greenhouse 
conditions.  If the apparatus is sterilized and sufficient care is exer- 
cised in  watering,  plants may be grown for several months without 
danger of becoming contaminated. 